Two experiments were conducted to measure glucose and lactate absorption and metabolic interrelationships in lambs either switched gradually (experiment 1)or abruptly (experiment 2) from hay to a high concentrate diet. In experiment 1, seven lambs were given primed, continuous, 3-hour infu sions of 2-[3H]glucose, U-[HC]L-lactate and para-aminohippuric acid (portal blood flow indicator) before and after switching from a pelleted hay to a pelleted, 85% concentrate diet. Blood samples were collected at 20-minute intervals during infusions. In experiment 2, four lambs were abruptly switched from a pelleted hay to an all-concentrate diet. Portal and arterial blood samples were collected before and up to 1 week after the diet switch. As a result of increased concentrate intake (experiment 1) net portal absorption and turnover of L-lactate and glucose increased. Percentage of glucose derived from L-lactate decreased. Net portal D-lactate absorption, L-lactate absorption as a percentage of turnover and con version of L-lactate to glucose were not affected by diet. Lambs in experiment 2 did not become acutely acidotic. The insult to acid-base status peaked 12-16 hours after the diet switch, concurrent with maximum arterio-venous differences in plasma L-lactate and glucose. Arterio venous differences in plasma D-lactate were not significantly affected.
Although there is substantial informaintestine (9) (10) (11) (12) , but the extent of this type tion reported on ruminant glucose metabof degradation (13) (14) (15) or its effect on gluolism in a variety of dietary or productive cose absorption in ruminants is not clear states (1) (2) (3) (4) , little information has been (12, 16, 17) . reported on absorption and turnover rates Sources of lactate entering the bloodin feedlot ruminants consuming high con-stream include: a) the diet; b) rumen (and centrate diets. In studies with sheep (5), dairy cows (6) , and feedlot steers4 in- to enzymatic degradation in the small ssi.ubs.).
perhaps lower digestive tract) fermenta tion, and c) endogenous production. Absorption of dietary lactate may be sig nificant when silages or other fermented feeds are consumed. Increased absorp tion of both D-and L-lactate is suggested by elevated blood plasma concentration concurrent with increased consumption of concentrates (18, 19) . Leng et al. (20) reported that up to 70% of absorbed propionate is converted to lactate, presum ably L-lactate, in the rumen wall; how ever, other workers (21) (22) (23) reported that 5% or less of absorbed propionate is con verted to lactate in this manner. Butyrate may be converted to lactate by omasal epithelium (24) . More information on absorption rates of both isomers, espe cially the D isomer, would be of value in elucidating energy metabolism and describing acidosis in feedlot ruminants.
Investigators have assumed that absorbed D-lactate is metabolized slowly or not at all (25) , but recent work by Giesecke and Stangassinger (26, 27) sug gests that more than one avenue of dissipa tion of blood D-lactate may exist when plasma concentrations are maintained at high levels. L-Lactate may be an important glucose precursor (28, 29) or may play a significant role in fatty acid synthesis (30) .
Objectives of these experiments were: a) to measure portal glucose and lactate absorption in lambs before and after an increase in concentrate intake, and b) to study post-absorptive interconversion and turnover of these metabolites in lambs.
MATERIALS AND METHODS

Experiment 1. Seven crossbred ewe
lambs averaging 27.9 kg in weight were kept in indoor, elevated, 1.2 x 1.2 m steel pens. Temperature was maintained at about 24Â°. A 14-hour light, 10-hour dark cycle was maintained daily throughout the experiment.
The lambs were placed under general anesthesia (31) for surgical implantation of portal vein, mesenteric and femoral artery cannulas, as described by Katz and Bergman (32) . Before implantation, the cannulas were treated with TDMAC- heparin complex (Polysciences Inc., Warrington, PA) on the interior and on exterior wall surfaces exposed within blood vessels. They were filled with sterile, physiological saline containing 20 USP U heparin per milliliter, 1% benzyl alcohol and 1% procaine penicillin G.
The lambs were fed ad libitum alfalfa hay in 6.35 mm diameter pellets about 2 weeks before surgery, and until the first infusion which was at least 1 week after surgery. This and subsequent diets were fed via automatic feeders that dispensed the daily ration in 12 approximately equal portions. Water was available ad libitum throughout the experiment.
After the first infusion, concentrate level in the diet was gradually increased to 85% concentrate over a period of 15 days. This was accomplished by feeding mix tures of hay and concentrate pellets. The 85% concentrate diet (table 1) was also pelleted (6.35 mm diameter) and was fed for an average of about 13 days. The aver age interval between the first and second infusions was 28 days and the range was 27-32 days.
On days of infusion a catheter for iso tope infusion was inserted into the jugular vein. Each lamb was given a primer dose of 2-3H-D-glucose(71.12 /Â¿Ci) and U-14C-Llactate (12.65 Â¿iCi)followed by con tinuous infusion of 40 doses and infusion rates for L-lactate (30) and glucose (33) isotopes have been shown to yield reliable results in sheep. Para-aminohippuric acid (PAH) was in fused into the mesenteric vein as a blood flow marker (34) . The PAH used was 1.5% (w/v); a primer dose of 15 ml was admin istered at the same time as the isotope primer doses and was followed by contin uous infusion at 45.84 ml per hour. All solutions were filtered (Millipore Corp., Bedford, MA) as they were infused.
Forty minutes after administration of primer doses, blood samples (25 ml each) were taken simultaneously from the portal vein and femoral artery, transferred to glass tubes treated with heparin (286 USP units/tube) and NaF (37 mg/tube) and placed in ice. Samples were taken in this manner at 20-minute intervals until eight pairs of samples were collected. Infusions were then stopped, the jugular catheter was removed and all cannulas were filled with the same type of saline solution used at surgery and sealed. Isotope infusion and sample collection procedures were repeated after the previously described diet change.
Immediately after collection of blood samples, hematocrit (Ht) was determined by centrifugation of capillary tubes con taining whole blood. An aliquot of whole blood was used for PAH determination (34) , the remainder of the sample was centrifuged and the plasma was recovered. After an aliquot was removed for plasma glucose concentration and specific activ ity, the remaining plasma was stored in plastic tubes and frozen. Plasma glucose concentration was determined by a glu cose oxidase procedure (Worthington Bio chemical Corp., Freehold, NJ), and plasma glucose specific activity by procedures described by Malimovka (35) . Plasma L-lactate concentration was determined by fluorimetrie, enzymatic techniques (36) on samples deproteinated with 10% (w/v) trichloroacetic acid. Plasma D-lactate was determined on the same samples with an automated enzymatic technique described by Goodall and Byers (37) modified to use a fluorimetrie detector. Plasma L-lactate specific activity was determined by proce dures described by Prior and Christenson (28) .
Net portal absorption, portal utilization, and total portal absorption were calcu lated with equations presented by Berg man et al. (29):
Portal utilization (PU)
Total portal absorption = NPA + PU [3] where Fp = portal plasma flow, liters/ hour, Cp = glucose or L-lactate concen tration in portal plasma, Ca = glucose or L-lactate concentration in arterial plasma, Sp = specific activity (3H-glucose or 14C-L-lactate) of portal plasma and Sa = spe cific activity of arterial plasma.
Net portal absorption, portal utilization, total portal absorption and 14C-glucose specific activity were calculated on data available from all sample times. Turnover and interconversion data involving spe cific activity determinations for 3H-glucose and 14C-L-lactatewere calculated on data obtained on arterial samples from the last 100 minutes of each infusion. I4C-glucose specific activity was determined to be the maximum (plateau) value of quad ratic graphical plots of specific activity versus time for each lamb during each infusion. Plots of mean values for each infusion (diet) are shown in figure 1. This procedure is similar to that described by L-lactate to glucose 2(% glucose from = gx L-lactate) 100 [5] where Sa = specific activity of arterial plasma and g = glucose turnover rate.
The statistical model for analysis of var iance included lambs and diets (infusions) as main effects that were tested against the lamb by diet interaction for signifi cance. It is possible that the diet effect on variables may be confounded with the effect of the time interval between infu sions.
Experiment 2. Four of the seven ewe lambs previously used in experiment 1 were fed pelleted alfalfa hay for about 10 weeks prior to an abrupt switch to an all concentrate diet. The diet consisted of (% dry matter): ground corn, 59.77; ground wheat, 33.30; beet molasses, 5.96; re mainder minerals to contain 12% crude protein, 0.40% phosphorus and 0.50% calcium. The pelleted hay was similar to that used in experiment 1 and was fed at a level to meet or slightly exceed mainte nance requirements of the ewes. Housing and feeding protocol were similar to those used in experiment 1 except that timed feeders were not used in experiment 2. The lambs were fed once daily.
Beginning
Analyses conducted on blood samples included pH, pCO2, Ht and plasma con centration of D-lactate, L-lactate and glu cose. Blood pH and gasses were deter mined with a blood gas analyzer (Micro 13, Instrumentation Laboratory Inc., Wil mington, MA). Plasma concentration of L-lactate was determined by automated enzymatic procedures on dialyzed plasma samples (40) . Other analytical procedures were similar to those used in experiment 1.
Feed intake was measured every 4 hours during the first 24 hours after the diet switch, and daily for the next 6 days. cose specific activities (table 2) appeared to reach and maintain steady state during the last 100 minutes of infusion.
RESULTS
Experiment 1. 14C-L-lactate and 3H-glu-
Net portal absorption of L-lactate (P < 0.10) and glucose (P < 0.01) and total glucose absorption (P < 0.01) increased in response to increased concentrate intake ( 1Average intake 5 days before infusion. Diet means are significantly different (P < 0.05).
2abDiet means are significantly different (P < 0.10).
*' Diet means are significantly different (P < 0.01).
concentrate intake, but conversion of L-lactate to glucose and L-lactate absorp tion as a percentage of L-lactate turnover were not affected by diet changes (table 3) . The percentage glucose derived from L-lactate decreased (F < 0.05) by about 50% in response to the diet change, but since glucose turnover approximately doubled during the same change, the amount of glucose thus derived per unit time remained fairly constant.
Within infusion, neither live weight nor feed consumed among lambs was statis tically different. Blood Ht data indicated that neither diet change nor sampling at infusions affected packed cell volume. Portal-arterial differences in plasma L-lactate and glucose, but not D-lactate, concentration increased in response to the diet change (table 3) . Experiment 2. Portal blood flow was not calculated since concentration of PAH in either portal or arterial samples was below reliable detection limits. This dilution of PAH in the blood indicates that portal blood flow was appreciably faster in experiment 2 than in experiment 1. Maxi mum arterio-venous (A-V) differences in plasma D-and L-lactate and in glucose, indicating net absorption of those carbo hydrates from the digestive tract, occurred 16 or 20 hours after the diet switch (table  4) . A-V differences were negative (indi cating net absorption) in 10,9, and 5 of the 13 measurements for L-lactate, D-lactate and glucose, respectively. Portal plasma concentrations of D-or L-lactate were not greatly affected by the diet switch, but glucose concentration increased and remained about 0.8 mM higher than before the diet switch (table 4) .
None of the ewes became acutely acidotic after eating the all-concentrate diet. Although the amount of feed consumed varied among ewes, the pattern was sim ilar; by 12 hours all ewes had eaten almost all they would for the first 48 hours after the diet switch (figure 2). Average daily feed intake for the subsequent 5 days was 429 g and ranged from 0 to 935 grams. (table  4) . A-V differences of Ht, indicating net water transport to or from the gut, were significant (P < 0.05) only at 28 hours and in that instance indicated net water absorption.
DISCUSSION
Data from experiment 1 and from other published sources on glucose and L-lactate absorption and turnover rates (ex pressed on a kg0-75basis) are summarized in table 5 . Portal blood flow rates are similar but slightly higher than those observed by Weekes and Webster (41) and Bergman et al. (42) . Our data as well as those of Bergman et al. (42) would suggest that portal blood flow increases 25-30% when grain is included in the diet. How ever, these differences in our data are not statistically significant. Increased absorp tion rates observed for glucose and L-lactate can be accounted for in part by the increase in blood flow in response to die tary concentrate level, but the converse may represent the physiological condi tion, i.e., digestive and absorptive activity in the gut prompted increased portal blood flow. Portal blood flow increases in response to feed consumption (43) in meal-fed sheep; we attempted to avoid this circumstance by using timed feeders and were in large part successful since most of the time the lambs were observed to consume their periodic feedings as soon as they were presented. The L-lactate turnover rates observed in experiment 1 were of similar magnitude to those observed by Annison et al. (44) , Prior (30) and Prior and Christenson (28) . Annison et al. (44) observed increased L-lactate turnover in the fed versus fasted sheep. L-Lactate turnover also was greater in ad libitum versus restricted fed sheep (30) . Thus, it is not surprising that L-lac tate turnover was higher in the concen trate versus hay-fed lambs in experiment 1. A net production or absorption of L-lac tate by the portal-drained viscera was observed in experiment 1 as well as in previous experiments (45) . 5 We have assumed that the L-lactate appearing in the portal blood is absorbed; however, production of L-lactate by the tissues of the gastrointestinal tract (20) Lack of large A-V differences in plasma concentration or portal absorption of D-lactate suggests that it may not play as major a role in digestive disturbances associated with adaptation to high con centrate diets as proposed by Dunlop and Hammond (19) . In spite of the apparent lack of absorption of large amounts of D-lactate, changes in blood acid-base status indicate that a persistent acidotic insult was presented to the lambs in experiment 2. The data suggest that total acid absorption, including L-lactate and volatile fatty acids, may be quantitatively more important than D-lactate absorption in the occurrence of acidosis due to intake of high concentrate diets. However, these lambs did not experience acute acidosis. In engorged sheep (49, 50) and in lambs that voluntarily consumed lethal amounts of grain (51), acute acidosis was character ized by increased Ht, elevated plasma D-lactate concentration and blood HCO3l evels less than one-half of the minimum values observed in experiment 2.
Plasma concentrations of D-lactate observed in both experiments (tables 3,4) are higher than previously reported values. Rumsey (18) reported values rang ing from 0.02 to 0.16 mMin plasma of steers that were fasted then fed an all-concen trate diet. Other workers found that almost all plasma lactate was L-lactate in non-acidotic sheep (51) or steers (52) , rather than the approximately 4:1 (experiment 1) and 1:1 (experiment 2) L:Dratios we observed. 
